Objective: The aim of this study was to examine the association between physical activity (PA) and coronary artery calcification (CAC) among two cohorts of postmenopausal (PM) women representing early and late postmenopause.
C ardiovascular disease (CVD) is the leading cause of death among women (American Heart Association, 2010). 1 After menopause, the incidence of CVD in women escalates, which may be due, in part, to the physiological changes that occur during the menopausal process. During menopause, women experience increases in both triglycerides and number of total and small low-density lipoprotein particles, as well as a decrease in high-density lipoprotein particles, 2,3 all of which contribute to an increased risk for the development of subclinical CVD. Because of the fact that approximately two thirds of women who die each year of a catastrophic coronary event are asymptomatic, 2 it is essential to begin to look at subclinical measures that may predict possible future cardiac events.
Most women who die of myocardial infarction (MI) or coronary heart disease (CHD) do not meet the traditional Framingham Risk Score criteria or are clinically asymptomatic before the initial event, that is, MI or CHD death. 4 An alternative approach is necessary to identify women who are at higher risk because of silent or subclinical atherosclerosis, which may lead to risk for future cardiac events. One such method may be electron beam tomography (EBT) or coronary computerized tomography used to measure coronary artery calcification (CAC), a marker of atherosclerosis. The amount of CAC detected by coronary computerized tomography is strongly and directly related to the risk of future cardiac events in numerous studies in both men and women and in younger and older individuals. 5<7 A CAC score of zero is usually considered to place a woman at very low risk of coronary events for at least the next 5 to 10 years. 8 There is epidemiological evidence that physical activity (PA) is associated with reduced risk of CVD and cardiovascular mortality 9<16 ; however, the mechanisms underlying the protective effect of PA are many and not fully understood. For example, PA is believed to have beneficial effects on CVD risk factors, such as insulin sensitivity, blood pressure, lipid metabolism, and obesity. 14, 17 Whether PA is associated with subclinical CVD, specifically CAC, as a measure of atherosclerosis, has not been widely examined. The few studies that have looked at the relationship between PA and CAC in cohorts of both men and women have been inconclusive. 5,18<23 It has been suggested that duration of PA was associated with less CAC, 20 although other studies reported no significant relationship between the two. 6,18,21<23 We were provided with the unique opportunity to examine the association of PA and CAC in two cohorts of postmenopausal women representing early and late postmenopause. The purpose of the current investigation was to examine the role of PA and coronary atherosclerosis in these two different cohorts using an objective measure of PA, the pedometer.
METHODS

Women on the Move Through Activity and Nutrition study
The Women on the Move Through Activity and Nutrition (WOMAN) study was a 5-year randomized clinical trial designed to test whether an aggressive nonpharmacological lifestyle intervention among early postmenopausal women will reduce measures of subclinical CVD. Details regarding the design, recruitment, and objectives of the WOMAN study have been published previously. 24, 25 Briefly, the WOMAN study included 508 postmenopausal women between the ages of 52 and 62 years from Allegheny County, Pennsylvania. Initial entry criteria for the trial required a woman to have a history of at least 2 years of hormone therapy (HT). Other eligibility criteria for enrollment into the study included having a waist circumference of 80 cm or greater, having a body mass index (BMI) between 25 and 39.9 kg/m 2 , not currently taking lipid-lowering drugs, having a low-density lipoprotein cholesterol level between 100 and 160 mg/dL, no physical limitations that would preclude walking, no known diabetes, and no diagnosed psychotic disorder or depression.
The study was designed before the release of the results of the Women's Health Initiative (WHI). Five months into the randomization phase of the WOMAN study, the WHI trial was stopped prematurely in the estrogen and progesterone arm because of adverse effects. Women already enrolled in the WOMAN study were advised to stop HT. Women randomized after the WHI results were published were allowed to enter the WOMAN study after discontinuing HT use. Overall, 204 (39% of the total cohort) women were not taking HT at baseline, with a median time off HT of 7 months before entering the study. 25 At baseline, pedometer data were collected on a subsample (33% of the total cohort) of the women enrolled in the WOMAN study because of a limited number of pedometers available. Basically, pedometer data were obtained for the first 15 women who completed a clinic visit each month, for a total of 173 women having worn a pedometer. 26 In addition, CAC was measured electron beam computed tomography (EBT).
Walking Women Follow-Up study
The Walking Women Follow-up (WWF) study is a followup study to a randomized controlled trial of a walking intervention that took place in Pittsburgh, PA. The original randomized controlled trial was conducted in postmenopausal women between the years of 1982 and 1985. To be eligible for the walking intervention, the women had to meet the following baseline criteria: (1) aged 50 to 65 years, (2) be at least 1 year postcessation of menses, (3) not taking estrogen therapy, and (4) have no limitations that might preclude walking. Based on these criteria, 229 white women were enrolled in the study and randomly assigned to either a walking intervention or an educational control group. At the end of the clinical trial (1985), the intervention women were found to be more physically active than the control women based upon activity surveys and objective activity monitors.
In 1995, the women were recontacted by telephone to examine if the original walking intervention had long-term effects on their activity habits and health 10 years later. Results from this examination indicated that differences in reported walking between the two randomized groups were still present a decade later and that women who comprised the walking intervention group were more active and had less CVD than did the control women. 27 In 1999, the women from the original trial were invited to attend a 1-day comprehensive clinic evaluation. The evaluation included measures of body composition, bone density, heart disease, PA, and health status. PA was assessed by pedometer, and CAC was assessed by EBT. Of the original 229 women, 171 completed the clinic visit, 17 completed telephone interviews, 3 refused to participate, 20 were confirmed dead, 8 were considered too sick to participate, and 10 were lost to follow-up.
Both the WOMAN and WWF study protocols were approved by the University of Pittsburgh Institutional Review Board, and written informed consent forms were obtained from all participants before their participation in any part of the study.
PA assessment
PA was assessed objectively in both studies with a pedometer. In the WOMAN study, the Accusplit AE120 pedometer (Accusplit, San Jose, CA) was used to assess PA at baseline (2002) (2003) , and in the WWF study, the Yamax Digiwalker SW-200 (Yamasa Corporation, Chiba, Japan) pedometer was used at the year 6 follow-up (1999). The Accusplit AE120 pedometer is identical to the Yamax SW-200, and both pedometers have been shown to be a valid and reliable assessment tool for assessing step counts in a variety of laboratory and field settings. 28<36 At their clinical examination, participants in both studies received a pedometer, instructions for wearing the pedometer, and an activity diary and were asked to wear the pedometer for seven consecutive days (five weekdays and two weekend days) and record in the activity diary the number of steps taken daily. Participants were asked not to change their normal PA habits during the 7-day monitoring period. Because previous research has suggested that 3 days of activity can provide a sufficient estimate of weekly PA, 37 participants with 3 or more days of data were included in the study. Steps per day averaged over the week was calculated for any person who had data for 3 or more days, taking the sum of steps per day divided by the number of available days with a maximum of 7 days.
CAC
EBT was used to assess CAC in both study populations. EBT was assessed at baseline (2002) (2003) in the WOMAN study and at the 1999 follow-up visit for the WWF study. Scans were conducted at the Cardiovascular Institute in Pittsburgh, PA, by a trained radiology technician using a GE-Imatron C150 EBT Scanner (GE Medical Systems, South San Francisco, CA). For the coronary arteries, 30 to 40 contiguous 3-mm-thick transverse images were obtained from the level of the aortic root to the apex of the heart. Images were obtained during a maximal breath-holding by using electrocardiogram triggering so that each 100-millisecond exposure is obtained during the same phase of the cardiac cycle (60% of the R-R interval). 6 After completion of the coronary scan, an aortic evaluation was conducted using 6-mm contiguous images (300-ms exposure time) of the aortic arch to the iliac bifurcation. Calcium scores were calculated using methods by Agatston et al 38 using a densitometric program available on the Imatron C150 scanner. Coronary artery calcium was considered to be present when three contiguous pixels greater than 130 Hounsfield units were detected overlying the vessels of interest.
Statistical analysis
Descriptive statistics were calculated for each cohort separately. Because the two cohorts were recruited from different studies, between-study comparisons were not generated. All continuous data were assessed for normality. Normally distributed data were reported as mean (SD), whereas non-normal variables were reported as median (interquartile range [IQR]). Depending on the normality assessment of the variable, analysis of variance or the Kruskal-Wallis or the W 2 test was used to describe and compare differences among CAC scores. To determine the proportion of women with detectable CAC in each cohort, CAC was categorized using the following cutpoints: 0, 1 to 10, 11 to 100, and 101 or higher. 6 In addition, pedometer steps were categorized into cohort-specific quartiles to examine whether detectable coronary calcification varied across pedometer quartiles. Multivariate logistic regression analyses were performed to determine the association between PA and CAC scores, controlling for potential confounding factors, including age, BMI, total cholesterol, and HT. An interaction term between HT use and PA was also explored. Statistical analyses were performed using Statistical Analysis Software, version 8.2 (SAS Institute, Inc., Cary, NC). Statistical significance was considered as a P value less than 0.05. In addition, to aid in the interpretation of the findings and because of the cross-sectional nature of the study, we limited our analyses to women free from known CVD with a minimum of 3 days of pedometer data, with CAC data, and not taking lipid-lowering drugs.
RESULTS
At baseline, 173 (100% of the total substudy participants) WOMAN study participants had complete PA and CAC data. In addition, at the 1999 follow-up visit, 121 (71% of the total cohort) participants from the WWF study had complete PA and CAC data. The descriptive characteristics of participants of both studies are presented in Table 1 . WOMAN study participants were more likely to have higher BMIs (30.6 vs 26.1 kg/m 2 ) and were more likely to use HT (63.0% vs 40.5%) than the older WWF study participants. Median (IQR) step count was 6,446 (4,823-8,722) steps per day for participants in the WOMAN study and 5,466 (3,610-7,576) steps per day among WWF study participants. In addition, among the women in the WWF study, 12 women (10% of the total cohort) reported that they had been told by their physician that they had one or more CHD-related conditions (MI, heart disease, or congestive heart failure). Seven women (5.8%) reported diabetes and 47 (38.8%) reported high blood pressure. Based on exclusion criteria for the WOMAN study, no women reported a CHD condition or diabetes, and all had to have a blood pressure of lower than 160/95 mm Hg at initial screening and lower than 140/90 mm Hg at randomization with or without drug therapy.
With regard to CAC, 57.2% of WOMAN study participants and 74.4% of WWF study participants had detectable CAC, equating CAC scores greater than zero. The median (IQR) CAC score was 1.4 (0-23.3) among WOMAN study participants and 38.8 (0-264.4) among WWF study participants. Figure 1 presents the distribution of coronary artery calcium scores among participants in the WOMAN and WWF study cohorts. The WOMAN study was more likely than the WWF study to have greater percentages of participants with calcium scores of 0 (42.8% vs 22.2%, respectively), 1 to 10 (24.3% vs 13.9%, respectively), and 11 to 100 (22.5% vs 13.4%, respectively). Conversely, the WOMAN study was more likely than the WWF study to have a lower percentage of participants with calcium scores higher than 100 (10.4% vs. 44.5%, respectively). Figure 2 presents the proportion of women with detectable CAC by quartile of pedometer steps among the two cohorts. Among WOMAN study participants, there were no significant associations between the percentage of women with detectable CAC and the quartiles of pedometer steps (P for linear trend = 0.82). However, among WWF study participants, there was a statistically significant inverse association between pedometer steps and CAC: as pedometer steps increased, the percentage of women with detectable CAC decreased (P for linear trend = 0.002).
This association between PA and the prevalence of CAC among women in the WWF study was examined more thoroughly. Using multivariate analysis controlling for age, BMI, lipids, and HT use at follow-up, WWF study women in the lowest quartile of PA had a 40% (95% CI, 1.09-1.81) (quartile 1) higher likelihood of having detectable CAC compared with women who were in the highest quartile of PA. An additional model was run, which also included systolic blood pressure, and although the model changed slightly, the confidence limits did not ( Table 2) . A combined two-way interaction term involving PA levels and current HT use did not significantly add to the model, so this interaction term was not included in the fully adjusted model.
DISCUSSION
The present report examined the association of PA and CAC among two cohorts of postmenopausal women representing both early and late postmenopause. The findings of this study suggest that, among late postmenopausal women in the WWF study, PA as assessed by pedometer steps was significantly associated with detectable CAC after accounting for potentially confounding factors such as age, BMI, lipids, and current hormone use. In late postmenopausal women, participants in the lowest quartile of activity measured by pedometer steps were 40% more likely to have detectable CAC compared with those women in the highest quartile of activity.
Conversely, among early postmenopausal women in the WOMAN study, PA as assessed by pedometer was not associated with detectable CAC at baseline. This finding is most probably a result of a lack of power in the WOMAN study, at least partially because of the low prevalence of CAC in this cohort. In addition, all participants in the WOMAN study took HT for a period of 2 or more years at some point before being enrolled in the study. HT may be preventive of heart disease and may have impacted the development of CAC among WOMAN study participants.
To our knowledge, the current study is the first to examine the association between PA and CAC in cohorts of women at different stages of postmenopause (early vs late). Few studies have examined the effect of PA on subclinical atherosclerosis such as CAC, 18,20<23 and most have been conducted on cohorts of both men and women of varying ages and have provided mixed results.
One study by Desai et al 20 suggested that the dose of PA with regard to intensity and duration was inversely associated with CAC among both men (mean age, 54 T 8 y) and women (mean age, 57 T 9 y). Women in this study who were found to be sedentary or engaged in less than 30 minutes of PA one to two times a week had a higher associated prevalence of CAC, severe CAC, and advanced CAC compared with women who participated in 30 minutes or more of PA three or more times a week, independent of confounding variables. This reduction in CAC is in line with findings among older postmenopausal women in the WWF study, despite the fact that the mean age of the study population in the Desai study was approximately 20 years lower than that of the WWF study.
Most studies have reported no significant association between PA and CAC. 18, 22, 23 However, two of these studies were conducted in younger populations ranging in age from 39 to 45 years 22 and 45 to 64 years, 23 which may not have had significant amounts of detectable CAC present at the time of examination. In addition, all of these studies used a self-report measure of PA. Although subjective measures, such as a questionnaire, accurately assess moderate to higher intensity activity, focusing solely on leisure and/or occupational activity may only be valid for younger and healthier populations. It is well established that certain subgroups of the population (older adults and women) acquire most of their PA in lower intensity activities, which subjective measures tend to do a poor job of accurately estimating. 39, 40 Therefore, the use of objective measures, such as the pedometer used in the current study, may provide for a more accurate assessment of PA levels in these populations. The use of an objective activity monitor, such as the pedometer, ensures that the entire spectrum of PA, including both structured and unstructured activity, is captured relative to a subjective measure.
Despite the advantages of using the pedometer to capture unstructured and low-intensity PA in the both cohorts, there are, unfortunately, limitations that need to be considered with its use as an assessment tool. First, the pedometer does not accurately measure nonambulatory activities such as resistance training and cycling, and because it cannot get wet, water activities are also not captured via pedometer. In addition, many pedometers, such as the pedometer used in the current study, lack an internal clock and data storage capability; thus, we had to rely on the participants from both studies to accurately record their step counts from the pedometer in their 7-day activity diary. This process may have resulted in reporting errors or lack of data. Furthermore, the pedometers used in this study are unable to discriminate between steps accumulated in walking, running, or stair climbing; therefore, we were unable to determine steps accumulated in varying intensity levels.
The present study has additional limitations that need to be considered. Participants of both the WOMAN and WWF study were volunteers in clinical trials, which may limit the overall generalizability of the findings to more diverse populations. In addition, data from only one time point were used in the analyses: for the WOMAN study, the baseline visit, and for the WWF study, the year 6 follow-up. Although informative, this cross-sectional analysis is limited because it does not provide information pertaining to the direction of association or allow us to determine how the relationship between PA and CAC changes as a woman changes her PA level.
CONCLUSIONS
In conclusion, among older postmenopausal women, higher levels of PA were associated with lower CAC. However, this relationship was not observed in younger postmenopausal women and was probably due to the lower prevalence of CAC in this age group. These findings warrant future research examining the role of PA and the progression of CAC in early postmenopausal women. 1.00 (referent) 1.00 (referent) 1.00 (referent) Data are shown as parameter estimate (odds ratio) and 95% CI (in parentheses). Fully adjusted model: age, BMI, total cholesterol, current hormone therapy use, and systolic blood pressure; P = 0.058. WWF, Walking Women Follow-up; BMI, body mass index. a Unadjusted model: P = 0.04. b Adjusted model: age, BMI, total cholesterol, and current hormone therapy use: P = 0.049. c Fully adjusted model: age, BMI, total cholesterol, current hormone therapy use, and systolic blood pressure.
